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Determination of trace elements at the sub-µg g 1 level in 1 to 10 mg solid samples is required in the analyses of expensive ultrahigh-purity materials and precious or rare natural and artificial substances, as well as in the investigation of heterogeneous distribution of trace elements in solids. Graphite-furnace atomic absorption spectrometry (GFAAS), which has absolute detection limits of the picogram level for most elements, can be satisfactorily applied to the determination, generally in combination with appropriate preconcentration techniques. Since only microliter volumes of solutions can conveniently be introduced into a graphite furnace for atomization, the preconcentration is favorably operated with microliter volumes of solutions. Microscale ion exchange therefore seems to be among the most suitable preconcentration techniques. When the distribution coefficient of the desired trace element is very large and that of the matrix element is very small, the trace element is selectively and quantitatively sorbed on an ion exchange microcolumn from the sample solution and then quantitatively desorbed with a small volume of appropriate eluent, without careful control of the flow rates of the sample solution and the eluent. The present note describes a new technique, in which sorption and desorption by reversed-flow elution are easily and rapidly operated by simple manipulation of syringes. It was successfully applied to the preconcentration of manganese at the sub-µg g-1 level in tantalum and niobium by cation exchange in hydrofluoric-nitric acid solutions. 1 The manganese is sorbed on the cation exchanger, whereas the matrix elements as fluorocomplexes are not. solution is then diluted to 600 tl with water. A syringe with a polyethylene capillary (Fig. 2 A) is connected to the ion exchange microcolumn (Fig. 2 C) (strong-acid cation exchange resin, Bio-Rad AG50W-X 12, 100 -200 mesh, 2 mm diam.X35 mm), and the solution is introduced from the lower end of the column to sorb manganese at a flow rate of 200 µl min 1 by suction with the syringe. This flow rate is used throughout the whole procedure. The column is washed with 300 µl of 1.3 M hydrofluoric acid-0.4 M nitric acid, followed by 400 µl of water, by suction with the syringe. The syringe with a polyethylene capillary (Fig. 2 A) is then disconnected from the column. The other syringe with a reservoir (Fig. 2 B) containing 300 µl of 6 M hydrochloric acid is connected to the column, and the sorbed manganese is desorbed by reversed-flow elution with the acid by pressurization with the syringe. The effluent is collected in a 1000-µ1 Teflon beaker and evaporated to dryness as shown in Fig. 1 . The residue is dissolved in 300 tl of 0.01 M nitric acid with the aid of a magnetic stirrer, and a 20-µ1 aliquot of the solution is placed in the graphite furnace for GFAAS.
Results and Discussion
The preconcentration was indispensable, because manganese in hydrofluoric-nitric acid solutions containing the matrix elements did not give GFAAS signals at all. Diluted nitric acid solutions were suitable for the determination of manganese by GFAAS; the calibration graph was linear between 0.003 and 0.2 ng, with a maximum deviation of 0.004 ng, and passed through the origin. The preconcentration step thus included removal of the matrix elements as well as conversion into 0.01 M nitric acid solutions.
After the preconcentration, more than 95% of manganese was recovered, while less than 1 µg of niobium or tantalum remained, which did not interfere with the determination. 
